October 05, 2015

EXPLORATION 1 Making a Conjecture by Graphing

the Derivative

d . .
Graph y, = sin (x) and y, = o (sinx) in the window [—=27, 27 by [—4.4]
dx

d
(Figure 3.35). Use the numerical derivative to graph y, = dt(ﬂin x). See

page 113.

1.

When the graph of y, = sinx is increasing, what is true about the graph of
d R Ty

» = T(sin.\')‘.' PD S ve
dx

When the graph of y; = sinx is decreasing, what is true about the graph of

y2 = (sinx)? Neg alve

dx
When the graph of y; = sinx stops increasing and starts decreasing, what is

d
true about the graph of y; = d—(ﬂin x)]? = Refo
X

deS Enmmipet Rve k'\'s"":v(

d .

At the places where y, = N (sinx) = =1, what appcak to be the slope of the
X

T

Make a conjecture about what function the derivative of sine might be. Test your

graph of y; = sinx?

conjecture by graphing your function and y, = d—(sm X) in the same viewing
X
window,
d .
Now let y, = cosx and y, = 17( cos x). Answer questions (1) through (5)
X

. . d N
without looking at the graph of y, = In (cos x) until you are ready to test your
x

conjecture about what function the derivative of cosine might be,
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Figure 3.36 (a) Graphical and (b) tabular support that lill:_ %Ul) = 1.
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. . cos(h)—1
Figure 3.37 (a) Graphical and (b) tabular support that !m}) e 0.
h— il

Confirm Analytically

Prove analytically the derivative of sin x and the derivative of cos x.
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-Sin X = cos x

dx

d .
—COSX = —SInx

dx
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EXAMPLE 1 Revisiting the Differentiation Rules

Find the derivatives of (a) v = ._x“’ sinx and (b) ¥ = cosx/(1 — sin x).

N 5‘= ):((osx> + SInX (Ax)

= X-ICQSX + Ax S1NX

) 1 = (L9065 = oo Ceps)
< \_glt\y\l

2\ - '
- . . " R
~ ‘S\r\xﬁgt CDQ

(\ - S.H\y\L o
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EXAMPLE 2 The Motion of a Weight on a Spring

A weight hanging from a spring (Figure 3.38) is stretched 5 units beyond its rest posi-
tion (s = 0) and released at time 7 = 0 to bob up and down. Its position at any later
time 7 is

s = Scost.

What are its velocity and acceleration at time ¢? Describe its motion.

vi1)= S'@=-5snt

o)z V ()= -5 st
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DEFINITION Jerk

Jerk is the derivative of acceleration. If a body’s position at time ¢ is s(¢), the body’s
jerk at time 1 is
da _ d’

Jn= dt di’’

EXAMPLE 3 A Couple of Jerks

(a) The jerk caused by the constant acceleration of gravity (g = —32 ft/sec?) is zero:
d
= —I(g) = 0.
i=8)

This explains why we don’t experience motion sickness while just sitting around.

(b) The jerk of the simple harmonic motion in Example 2 is

SU\\ za () = S sat




Derivatives of the Other Basic Trigonometric Functions
Because sin x and cos x are differentiable functions of x, the related functions
sin x 1

tan x = —=—, SeCx = ——,
Cos x

rF

COS X

Colx = === CSCx = —
Sin x s x
—_—

»

E

With your group, analytically determine
the derivatives of the above functions.

fanx © Cosx (('osx\ —iNnx (Ccss:\

(%
S CoS'x+ int ¥ |
]
(o5 % L oCoyx = ¥eX
Colx . Sax (-?’m\h - c.»sx(cosy\
Sinex
_ ! 3
T TSN -0 (G cary)
SAa'x ) Sy
\
= = 2
Siex T O X
SeeX ' (osw — |
Cos® X
= S‘l\\(
((o&x\((\g\(\ “tanx . -(LTX
= tanxseex
- Secxtany
csex: < axloy) — \(Cosx\
Sin' %
- —Coix \
\
Sinx Sinx = —Cotx - TS
< - Cobxcsex

“CCX st XX
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— )

tan x = sec’ x,
dx
d .
—cotx = —csc2 X,
dx

d

$ec x = sec x tan x
ax
d

——CSC X = —CSC X COt X
dx
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EXAMPLE 4 Finding Tangent and Normal Lines

Find equations for the lines that are tangent and normal to the graph of

tan x
flx) = ——
X
at x = 2. Support graphically.
tann X

STy

Use the numerical derivative on your calculator to find f'(2).

Slepe | By
=34 (3 -[093)
IS
S X='Q U, Q)

{w\%m\'\". &3 + [ 09> = 343 (X—Q\

memal s Yx | 0g3: 0N (2. Q)
( |

- —
3y




October 05, 2015

EXAMPLE 5 A Trigonometric Second Derivative

Find y"if y = sec x.

5'__ Secx {a~nx

e

Y= Secx (sec™) + tanx (S‘z”‘h""’B

= Secix + Se_QX"‘d'\I)l




